This paper studies foreign exchange risk premium using the uncovered interest rate parity framework in a single country context. The analysis is performed using weekly data on foreign and domestic currency deposits in Armenian banking system. The paper provides the results of the simple tests of uncovered interest parity condition, which indicate that contrary to established view dominating in empirical literature there is a positive correspondence between exchange rate depreciation and interest rate differentials in Armenian deposit market. Furthermore, the paper presents and discusses a systematic positive risk premium required by the economic agents for foreign exchange transactions, which increases over the investment horizon. The two currency affine term structure framework is applied to identify the factors driving the systematic exchange rate risk premium in Armenia. At the end, possible directions for further research are outlined.
Introduction
Currency risks constitute one of the most important sources of uncertainty in transition countries and emerging markets in general since these are usually small open economies, very vulnerable to exchange rate fluctuations. Many of these countries do not have established foreign exchange derivatives markets, which are needed for economic agents to be hedged against the exchange rate risk. An empirical evidence shows that many of these countries are heavily dollarized either in dollar or euro terms. In the absence of foreign exchange derivatives markets the dollarization serves as a main tool for hedging against exchange rate risks. In the presence of dollarization a significant portion of agents' financial wealth is allocated in terms of foreign currency denominated assets, resulting in an active market with foreign exchange denominated financial instruments.
We speculate that relative prices (interest rates) of domestic and foreign currency denominated instruments on the local financial markets must contain important information on how the agents price exchange rate risks. In this paper we analyze foreign exchange risk premium and driving forces behind by employing affine term structure models.
For our analysis we use Armenia as a model economy, since it is an attractive choice from both theoretical and practical points of view. First, Armenia is one of the few transition countries that have never operated under fixed exchange rate regime after gaining the independence. This fact implies that exchange rate risk was always present in Armenia. Next, the country has one of the most liberalized capital accounts among transition economies (ranked 27 th in the Index of Economic Freedom, 2006 issue 1 ) and there were no ceilings and other administrative restrictions imposed on deposit rates, which could introduce noisy pattern in the behavior of interest rates series. In addition, the available information on Armenian interest rates (see the discussion below) allows to overcome the problem of imperfect substitutability and to control for the country-specific risks in modeling the foreign exchange risk premium.
Similarly as in other emerging markets and despite of the recent advancements in real and financial sectors of the economy and developed legislative background, there is no established market for the foreign exchange derivatives in Armenia. Apart from forward contracts occasionally traded by single banks for unreasonably high costs, there are no forward transactions taking place elsewhere (including Armenian stock exchange). This observations goes along with high and persistent level of dollarization in Armenia, which results in quite active market of foreign 1 More detailed information is available at http://www.heritage.org/research/features/index/countries.cfm .
currency denominated financial instruments (the share of foreign currency denominated deposits is about 70% of total deposits in the banking system).
Finally, the high frequency data on foreign and domestic currency denominated deposits available for Armenia provides a unique opportunity to compare yields on financial instruments which are similar in all relevant characteristics except the currency of denomination. This is an important precondition in modeling the currency risks often neglected in related literature. To our best knowledge, this is a first attempt to address the issue of exchange rate risks using the local financial markets data on financial instruments denominated in two different currencies.
The rest of the paper is organized as follows. The second section provides a review of relevant studies and summarizes the main approaches to modeling exchange rate risks employed in the literature. The third section contains a detailed analysis of exchange rate risk premium using data from the Armenian deposit market. The last section summarizes the results of the study.
2 Literature Review
"Forward premium" puzzle
Economists have long been concerned with the issue of modeling foreign exchange risks. This issue is closely related to a fundamental relationship of uncovered interest parity (UIP) condition.
The UIP is a fundamental building block of most theoretical models in international economics literature, which states that when domestic interest rate is higher than the foreign interest rate the domestic currency is expected to depreciate by an amount approximately equal to the interest rate differential. Intuitively, the UIP predicts that the expected foreign exchange gain from holding one currency rather than another -the expected exchange rate change -must be offset by the opportunity cost of holding funds in this currency rather than another -the interest rate differential (Sarno and Taylor, 2002) . This condition can be expressed as:
where s t denotes the logarithm 2 of the spot exchange rate at time t, i t and i t are the nominal 2 The relationship is normally expressed in logarithms in order to circumvent the so-called "Siegel Paradox" (Siegel, 1972) that, because of a mathematical relationship known as Jensen's inequality, one can't simultaneously have an unbiased expectation of, say, the pound-dollar exchange rate (pounds per dollar) and of the dollar-pound interest rates available on similar domestic and foreign assets respectively (with k periods to maturity), superscript e denotes the market expectation based on information at time t. An analog of the UIP often discussed in the literature is the covered interest parity condition (CIP), in which forward exchange rate appears in equation (1) instead of the exchange rate expectations.
In practice, the validity of interest parity conditions has been tested by using the following two approaches. The first approach relies on computing the actual deviations from the interest parity to see if they differ significantly from zero. The second method for testing the validity of UIP has been the use of regression analysis. The following regression equation has been used as a workhorse for testing the UIP:
If UIP holds, equation (2) should result in estimates of α and β differing insignificantly from zero and unity respectively. In practice, the focus of researchers has mostly been on estimates of the slope parameter β. Using a variety of currencies and time periods, a large number of researches have implemented (2) and obtained results unfavorable to the efficient market hypothesis under risk neutrality. Froot and Thaler (1990) report that the average value of coefficient β over 75 published estimates is −0.88. Only few of the obtained estimates are greater than 0 and neither of the estimates is greater than 1. This result seems particularly robust given the variety of estimation techniques used by the researchers and the mix of overlapping and non-overlapping data sets. This fact has been labeled "forward premium" puzzle, which suggests that the forward premium mispredicts the direction of the subsequent change in the spot rate 3 .
A large amount of research effort has been expended in trying to rationalize "forward pre- 3 Negativity of the estimated slope coefficient implies that the more the foreign currency is at premium in the forward market; the less the home currency is predicted to depreciate over k periods to maturity. 4 A detailed survey of literature can be found in Taylor (1995) and Lewis (1995) .
biased estimates of β. An alternative explanation of the failure of the simple efficient market hypothesis is rejection of rational expectations hypothesis. Examples are: the "peso problem"
5 (Krasker, 1980) , the rational bubble phenomenon (Flood and Garber, 1980 ) and learning about regime shifts or inefficient information processing (Lewis, 1995 In a VAR framework he shows that an increase in domestic interest rates relative to German rates contributes to currency appreciation with a one-month, and repeatedly, a three month-lag in the Czech Republic and a two-month lag in Hungary, while the results for Poland are inconclusive. Thus, changes in the value of the Polish currency relative to the euro show a considerably weaker response to interest rate differentials than the relative changes in the currencies of the two remaining countries (Czech Republic and Hungary).
During the last decade, some authors revisited this issue using the data from emerging market economies. The paper by Bansal and Dahlquist (2000) analyzes data from 16 developed 5 The "peso problem" refers to the situation where agents attach a small probability to a large change in the economic fundamentals, which does not occur in sample. This will tend to produce a skew in the distribution of forecast errors even if agents' expectations are rational and thus may generate small-sample bias in the UIP regressions (Sarno and Taylor, 2002) . 
Stochastic Discount Factor Models
Most recent studies employ the stochastic discount factor (SDF) and affine term structure models for studying foreign exchange risk premium in international financial markets (see Cuthbertson and Nitzsche, 2005 for a comprehensive review). The first approach is based on multivariate GARCH-in-mean estimation technique, and the second approach makes use of the two-country version of the affine term structure models.
The first approach, which is also known as "observable factors" approach, involves compu- An alternative method to study time-varying foreign exchange risk premia is based on the affine models of term structure (ATS). The key assumption of these models is that the stochastic discount factor (and therefore also the risk free interest rate) is a linear function of the state variables. The single factor ATS models imply that the shape of the yield curve and the risk premium depend only on the time to maturity and the shape of the yield curve is fixed over time (Vasicek, 1977) . The single factor Cox, Ingersoll and Ross (1985) model (CIR) fixes the shape of the yield curve but allows the risk premium to move over time due to changes in the short rate. The greater flexibility in the shape of the yield curve requires multifactor affine models (Cuthbertson and Nitzsche, 2005) .
For the foreign exchange risk modeling purposes, the literature usually makes a use of the two-country ATS framework. The idea is that the relationship between the expected exchange rate depreciation and interest rate risks can be characterized by stochastic discount factors for two financial instruments denominated in two different currencies.
To illustrate the two-country ATS approach, let's start from the usual equilibrium asset pricing condition:
where M t+1 is the domestic currency stochastic discount factor and R t+1 is the return on financial instrument. Backus, Foresi and Telmer (2001) show that stochastic discount factor that prices payoffs in foreign currency instruments ( M t+1 ) can be formed by scaling M t+1 by the growth in nominal exchange rate
. Hence, the equilibrium asset pricing condition for financial instruments denominated in foreign currency can be expressed as:
The relationship between different currencies SDFs and exchange rate growth can be stated as:
It is common approach in the two-country ATS economic models to imply particular relation in M t+1 and M t+1 , then use relationship (5) 
where
is the market price of risk in domestic returns, which is denoted as a ratio of conditional returns and conditional volatility;
is an analogous equation for the market price of risk in foreign returns. Intuitively, the market price of risk determines the slope of the mean standard deviation frontier in domestic and foreign returns.
The last equation implies that the relationship between the interest differential, the expected depreciation rate and the risk premium is:
Economic intuition behind (6) and (7) is that the expected depreciation and the forward risk premium are determined by interest rate risks across financial instruments denominated in different currencies.
Bansal (1997) imposes some structure on conditional moments of foreign and domestic returns in order to evaluate the explanatory power of the single-factor term structure models in the context of the "forward premium" anomaly. Bansal specifies the following conditional moments:
7 We will use abbreviation CIR for this study in the rest of the paper. Using data on USA, Germany and Japan financial variables, Bansal performs GMM estimations of the two-country ATS model based on the following assumptions: excess returns are conditionally normal, conditional moments can be represented as in (8) and (9) and a single factor is adequate to characterize excess returns and risks. The empirical results suggest that the single-factor parametric term-structure models can not account for the negative slope coefficient in the forward premium equation and the "forward premium" puzzle remains.
Modeling Foreign Exchange Risk Premium in Armenia
This section studies the foreign exchange risks using the data on deposit rates from Armenian banking system. The analysis is performed using returns from financial instruments similar in all relevant characteristics except the currency of denomination. To our best knowledge, this is the first attempt to use this type of data for foreign exchange risk modeling purposes.
Another reason making Armenia a good case for studying foreign exchange risks is that Armenia has never fixed its currency throughout the period under consideration (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ).
This means that the risks associated with uncertainty about the future level of the exchange rate were always present in Armenia (see Figure 1 ). In addition, this observation makes the results of the analysis robust to inconsistencies in the UIP performance resulting from exchange rate regime shifts highlighted in Flood and Rose (1996) .
Finally, there were no ceilings and other administrative restrictions imposed on the deposit rates in Armenia, which implies that the returns on the financial assets were determined purely by market forces. To conclude, by the above virtues Armenia serves as an excellent laboratory where naturally occurring events and settings are almost of a quality of a natural experiment. 
Background Analysis
The dataset employed in this study covers whole Armenian banking system for period 1997-2004.
It includes weekly interest rates on foreign and domestic currency denominated deposits for 30, 60, 90, 180 and 360 days maturities. Summary statistics of the interest rates data is provided in the Appendix.
We start the analysis of the exchange rate risks by plotting the interest rate differentials and exchange rate changes for all maturities financial instruments in order to check for the "forward premium" puzzle (see Figure 2) . As it can be observed from the picture, the slope coefficient is positive, which is in contrast to the anomalous empirical findings widely documented in the literature.
In order to identify the role of the cross-country risks and transaction costs on the UIP relationship we calculate the deviations from the UIP relationship (d t = i t − i t − ∆s t ) using local deposit interest rates and conduct t-test to see whether the deviations are significantly different from zero. The results of the test are then contrasted to the deviations obtained using comparable financial instruments in the USA, namely, the secondary market yields on the US deposit certificates. Additionally, the same calculations are performed by using monthly observations Table 1 summarizes the results of the performed tests. The reported results allow us to make several conclusions. First, the UIP condition does not hold on average for both local and cross-country financial instruments: deviations from the UIP are significantly different from zero for deposit rates in both cases and TBill rates. This result implies that despite of the positive relationship between interest rate differentials and exchange rate changes (which implies that conditional UIP relationship holds), on average discrepancy between the two series is significant (unconditional UIP relationship breaks).
Next, deviations from the UIP are on average larger in cross-country case compared to the local financial markets. This discrepancy can be interpreted as a consequence of country risk and large transaction costs necessary to make financial operations across countries. To check the significance of those factors, we conducted mean equality test. The results of the test suggest that transaction costs and country risk factors play significant role in the UIP relationship, as the null hypothesis of equality of average deviations from the UIP relationship is rejected with a very high significance level for all the maturities financial instruments.
Another interesting result emerging from this exercise is that deviations from the UIP are strictly positive on average. Figure 3 plots weekly deviations from the UIP for the local market financial instruments. As it can be seen, the deviations are predominantly positive for all the maturities deposit rates, which suggests that a systematic positive risk premium is required by the agents in order to invest in local currency denominated deposits 9 .
To describe the dynamics of the risk premium in greater details, we present its behavior over different years (see Table 2 ).
The examination of the Table 2 leads to the following conclusions. First, positive deviation from the UIP attributed to risk premium still dominates across the years. Next, the size of the deviation tends to have increasing pattern with maturity of the deposits. This result suggests that as a matter of fact, the amount of risk premium required by agents was larger for longer horizons due to introduction of additional uncertainty. The maturity effect can be more markedly observed in Figure 4 . As it is clear from the picture, the deviations from UIP are becoming larger for longer maturity interest rates differentials. 
Affine Term Structure Models
As it has already been mentioned in the previous section, a two currency ATS model provides an intuitive framework for addressing the issue of the foreign exchange risk premium. The single factor ATS models assume that the exchange rate risk premium is determined solely by interest rate risks across the financial instruments denominated in different currencies. This is the reason why volatility of interest rates changes is an important factor characterizing the expected 
This specification nests eight well-know interest rates processes, which are extensively discussed in the paper (see Table 3 ).
The models are ranked according to parameter γ, which controls for the elasticity of interest rate conditional volatility with respect to the changes in the current interest rate. The other two important parameters of the general specification are α are β, which capture for the long run mean and the speed of the mean reversion of the process, respectively. The last parameter σ allows to model the conditional standard deviation 10 of the process.
We perform GMM estimations for the eight different specifications of the interest rate processes using Armenian deposit interest rates and TBills rate (see Table 5 ). The estimations of a continuous time model (10) are performed using the discrete time specification:
10 The conditional variance of the interest rate in the general specification is σ 2 r 2γ . 
Note: R indicates that the model specification can be rejected at 10% significance level.
A indicates that the model specification can't be rejected at 10% significance level.
Model specification: r t+1 − r t = α + βr t + ε t+1
The outcomes of the GMM estimations suggest that the square root process developed in the Cox, Ingersoll and Ross (1985) paper is the most successful specification for the Armenian interest rates. This specification can not be rejected using the χ 2 test of overidentifying restrictions in most of the cases (with the exception of the USD denominated 360 days deposit rates only).
The results of the GMM estimations for the unrestricted specification (10) and the square root CIR specification (which restricts γ = 0.5) are summarized in Table 5 .
The analysis of the estimation results leads to the following conclusions. First, the square root restriction imposed in the CIR model seems to find support in the unrestricted estimations:
the estimated coefficients of γ (which controls for the elasticity of interest rate variability with respect to the interest rate level) are very close to 0.5 in most cases. Second, obtained estimates of parameter β are insignificant for the risk-free interest rate (TBills), while they are significant for all types of deposit rates. This result indicates that the risk-free interest rate series follow a random walk (without drift, since coefficient α is not significant either), while deposit interest rates are mean reverting. Moreover, absolute values of estimated coefficient β suggest that dram deposits have higher speed of mean reversion than dollar deposits for short maturities, and lower speed for longer maturities. Third, in the CIR model, the estimated volatility parameter σ 2 is lower for the risk-free rate, than for the deposit rates. In addition, the volatility parameter is lowest for the 180 days deposits, which have the largest shares in the deposit market (the shares in the total volumes for dram and dollar denominated deposits are 32% and 35% respectively). This finding is not surprising, as it goes in line with the standard prediction from financial markets literature that the yields of the most traded financial instruments have the lowest volatility.
Having obtained estimates of conditional mean and conditional volatility of interest rate changes for in the CIR model different maturities financial instruments, in the next step we would like to describe the dynamics of the market price of risk. For this reason we apply parameters obtained in the CIR model described in Table 5 The market price of risk is declining function of the interest rate (see Figure 5) : the larger the level of the interest rate, the lower is the conditional expectation of it's growth in the next period (this results from the mean reversion property of the deposit rates).
As it has already been mentioned before, the squared market price of risk is a key variable which governs the dynamics of the risk premium for the foreign exchange operations in a single factor two currency ATS models. Figure 6 show the plot the estimates of squared market prices of risks for domestic and foreign currency denominated deposits (λ 2 and λ 2 , respectively) as a function of interest rates using parameters from the CIR model.
These graphs show that the squared market price of risk has a U-shape behavior for both domestic and foreign currency denominated deposits. The downward sloping part of the squared market price of risk indicates that for low interest rates the interest elasticity of the standard deviation exceeds the interest elasticity of the conditional mean for all maturities deposits. However, for high enough interest rates the relationship reverts and the interest rate elasticity of the conditional mean starts outweighing the interest elasticity of the conditional standard deviation.
The picture also shows that the slope of the squared market price of risk for AMD denominated deposits starts reverting from larger values of interest rates than the USD denominated deposits. This observation implies that starting from a particular level of interest rates the λ 2 is going up, while λ 2 is still going down. Equation 7 would predict that this discrepancy between λ 2 and λ 2 is a contributing factor to the systematic positive risk premium for the foreign exchange operations. Intuitively, the payoff per unit of risk for a foreign exchange denominated deposit is larger than the payoff per unit of risk for a domestic currency denominated deposit, which leads to a positive exchange rate risk premium. However, one has to be careful in interpreting the the exchange rate risks resulting from different prices of interest rate risks in two different instruments, since the result depends not only on the current level of the interest rate for AMD and USD denominated deposits, but also on their differential.
Conclusion
The "forward premium" puzzle -the negative correlation between expected exchange rates and interest rate differentials -has implications which seem anomalous from the perspective of economic models. The empirical evidence coming from developed and emerging market economies does not provide an encompassing answer on possible factors driving this phenomenon. The two main explanations dominating in the studies on developed economies (namely, departures from rational expectations and time varying risk premium) have been supplemented by the evidence coming from emerging market economies. It was found that such country specific factors as the exchange rate regime (fixed versus floating), income level (per capita GDP), macroeconomic stability (inflation) and liberalization of capital accounts play crucial role with respect to the UIP condition.
In contrast to other studies, the available information from Armenian deposit market provides an opportunity to focus on analysis of differences in yields of financial instruments driven purely by exchange rate risks considerations. The analysis of data from Armenian deposit market suggests that the country risk and the transaction costs related to cross-border operations play a significant role in departure from the UIP condition. More importantly, a systematic positive excess return is observed in the UIP relationship due to the risk premium demanded by the investors for holding the domestic currency deposits in the presence of a floating exchange rate regime. In addition, the deviations from the UIP relationship display significant maturity effect, which implies that the longer is the investment horizon, the larger risk premium is required by the agents for foreign exchange operations.
The systematic positive risk premium for foreign exchange operations in Armenia is analyzed using the framework provided by the two currency affine term structure models. Single factor two currency affine term structure models assume that the risk premium associated with foreign exchange operations can be explained by the relative size of market prices of risks for financial instruments in two different currencies. The estimations performed for the Armenian deposit market suggest that the risks associated to domestic currency denominated deposits yields are priced relatively higher than the risks associated to the foreign currency denominated deposits yields, which explains a systematic positive risk premium observed over time in Armenia.
To conclude, the main message of this study is that local financial markets contain useful information, which might be utilized for modeling the currency risks in transition countries lacking foreign exchange derivatives market. The analysis of information coming from the Armenian deposit market using affine term structure models framework helps in understanding the driving forces of the foreign exchange risk premium in Armenia and shows that an influential factor is the difference in market prices of risk between domestic and foreign currency denominated deposits.
